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Abstract
One of the most challenging parts in designing of a mobile pick 
and place robot manipulator has been optimal path planning in 
presence of obstacles. In this paper, the designing of the pick and 
place task oriented mobile robot manipulator has been designed 
using VPL RAT arm and then a vision based path planning using 
artificial neural networks has been proposed which is used by 
the robot manipulator to reach the destination. The path planning 
of the robot is controlled by a camera which is mounted in the 
environment to detect the obstacles in the path and uses the neural 
network to decide the optimum path for the mobile robot to reach 
the destination.

Keywords
Mobile Robot, Artificial Neural Network, Path Planning, Robotic 
arm.

I. Introduction
Path planning problem has been an area of study since many 
decades. The real challenge that a path planning algorithm faces is 
to find out a continuous and collision free path from the source to 
the destination. Many conventional methods have been tried out in 
the past which include algorithm proposed by B.J. Oommen et al 
(1986) in which a visibility graph was used to determine the path 
of a mobile robot in terrains of convex polygonal obstacles (1), 
the method using Voronoi Diagrams (2), Potential field approach 
(3) and Multi Resolution Maps (4).These conventional methods 
faced the problem of travelling distance and possible collision. 
Path-planning problem is a fundamental task of autonomous mobile 
robots and proves to be difficult to solve using a machine-learning 
approach beforehand in an unknown and dynamic environment, 
and, as such, much of the work in the past few decades concentrates 
on the use of Artificial Intelligence (Al) techniques because the 
dynamics of the environment is unknown. 
Consequently, the autonomous mobile robot must be able to 
adapt its skills in order to react adequately in complex, unknown 
and dynamic environments [5]. This indicates the robot should 
accumulate behavior knowledge through the life-time learning [6]. 
Therefore, various leaning methods have been proposed so far for 
mobile robot, such as fuzzy logic [7], evolutionary algorithm [8], 
ANN [9] and reinforcement learning algorithm [10]. Because ANN 
has the good generalization performance and can approximate 
any functions in any accuracy, it is natural that valuing function-
approximation based on ANN is one of the effective approaches 
for solving the problem of nonlinear mapping.
Caihong Li, Jingyuan Zhang and Yibin Li [11], used multi-layer-
feed forward artificial neural network (ANN) to construct a path 
planning algorithm which also used a Q learning method for five 
state action mapping. Noboru Noguchi and Hideo Terao [12], 
proposed a path planning algorithm which used control technique 
combining a Neural Network (NN) and a Genetic Algorithm (GA). 
An optimal path planning algorithm must have two features in it: 1. 
it must avoid the obstacles present in the environment. 2. The time 
taken by the algorithm must be minimal. Our algorithm provides 
a neural network which is trained using the past records of the 
movement of the robot manipulator and decides the movement 
of the robot manipulator based on that neural network and 

present environment. The sensors used in this algorithm consist 
of camera and infrared sensors. The neural network has been 
trained with almost 1000 test data and was tested with other 800 
data samples. 
The paper has been divided into 5 sections. Section II, contains 
the robotic designing, hardware control and the interfacing of 
the robotic manipulator to the PC. Section III, defines the path 
planning algorithm, obstacles detection and the structure of 
the neural network used. Section IV, demonstrates the output 
of the proposed path planning algorithm on the designed robot 
manipulator. Section V, contains the conclusion and the future 
study of the work. Section VI, studies the limitations of the 
proposed algorithm and the solutions to it.

II. Robotic Design and Assumptions 

A. Mechanical Design of the Robot Manipulator
The designing and developing for our mobile robot is simple and 
it has two floor of fiberglass marital which is strong enough for 
loading the (VPL-ARM) manipulator and its light weight.
The dimension of base is 30x20cm and the wheels are located at the 
6cm from the rear and the caster ball in the 6cm from the front.The 
wheel has been by far the most popular locomotion mechanism 
in mobile robotics and in man-made vehicles in general. It can 
achieve very good efficiency with a relatively simple mechanical 
implementation. In addition, balance is not usually a research 
problem in wheeled robot designs, because wheeled robots are 
almost always designed so that all wheels are in ground contact 
at all time. Thus, three wheels are sufficient to guarantee stable 
balance.

Fig. 1: The Configuration of the Wheels in the Proposed Mobile 
Robot

In three wheels differential drive configuration two wheels are 
connected to motors. Third wheel can be caster or Omni-directional 
wheel which allows motion in any direction. We have used caster 
wheel in our experiment. Three wheeled configuration is often 
used in smaller size robots.  It offers these advantages:

All the wheels get good contact.1. 
Problem of skidding while turning is avoided.2. 
Robot can take turn by stopping one wheel and moving other 3. 
wheel.

The different types of motion possible with three wheel differential 
drive are as shown in fig. 2.
VPL-RAT Robotic Arm has Five Axis of motion as the 
following:
• Base can rotate left and right -350 degrees 
• Shoulder moving range - 120 degrees 
• Elbow moving range - 135 degrees 
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Fig. 2: The Feasible Movements of the Mobile Robot

•Wrist rotate CW and CCW - 340 degrees 
•Gripper open and close- 55 mm [2.2 inches] - 0 
•Maximum length outwards - 360 mm [14.2 inches] 
•Maximum heights upwards- 510 mm [20.1 inches] 
•Lifting Capacity- Maximum 130g [4.6 oz] Power

B. Electronic Design and Control

Fig. 3: The Transmission of the Control Data for the Mobile 
Robot

The basic motor control is an H-bridge, all-in-one integrated circuit 
package. Bridges for high-current motors tend to be physically 
large, and they may come with heat fins or have connections to 
a heat sink. A good example of a motor bridge is the Allegro 
Microsystems 3952 and L293D.
The better motor control bridges incorporate over current protection 
circuitry, which prevents them from being damaged if the motor 
pulls too much current and overheats the chip. Some even provide 
for current sense, an output that can be fed back to the control 
electronics in order to monitor the amount of current being drawn 
from the motor. This can be useful when you need to determine 
if the robot has become stuck and the motors have stalled. We 
are using L293D IC for motor control. We used ATMEGA16 
microcontroller to control the mobile robot and the ARM.

C. Interface and Communications Between the Robot 
and the PC
The Serial Port is harder to interface than the Parallel Port. In most 
cases, any device connected to the serial port will need the serial 
transmission converted back to parallel so that it can be used. 
This can be done using a UART. On the software side of things, 
there are many more registers that we have to attend to than on a 
Standard Parallel Port. A serial signal is basically a square wave, 
where the wavelengths relate to the bit data transmitted, RS232 

was standardized as +/-12V. To get both +12V and -12V, the most 
common method is to use the ST232 IC (or ICL232 or MAX232), 
accompanied with a few capacitors and a DB9 connector.
The first way is the normal serial data transfer (Serial cable using 
COM port), where we connect the serial cable from the PC directly 
to the RS232 driver in microcontroller side.The second way to 
pass information between robot and PC is wireless communication 
using Radio Frequency RF circuit. In the last few years, many 
cheap RF boards have become available on the market. These 
low end RF boards are typically ASK modulated with a carrier 
frequency in the 300-400MHz range. 
In the receiver side the RF receiver receive the signal and produce 
the actual data and then give it to the RX line in the microcontroller 
which read the data and move the Robot.

D. Movement of the Mobile Robot
The movement of this mobile robot was restricted to the following 
actions:

Move forward a unit step. 1. 
Move 45 degrees (clockwise or anticlockwise)2. 
Move 90 degrees (clockwise or anticlockwise)3. 

Fig. 4: Various Directions the Robot can Move in

It is assumed that the robot only rotates/moves in angles of a 
multiple of 45 degrees. Hence we can only move the robot in the 
directions (by rotations and forward move) North, North-East, 
North-West, South, South-East, South-West as given in fig. 4.

Fig. 5. The Designed Mobile Robot Manipulator

III. Path Planning of the Mobile Robot
This algorithm tries to find out the solution by learning from the 
historical data. The algorithm used is the conventional ANN Back 
Propagation to find out the goal (final position) starting from the 
initial position. We know that if we train the robot how to act 
in various obstacle situations, the robot can ‘learn’ the various 
actions to be taken [13-14]. 
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A. Detection of Obstacles in the Path
The detection of the present obstacles in an environment can 
be detected using various image processing methods: Edge 
Detection algorithms [15], Segmentation Methods [16], FPGA 
based obstacle detection [17] and MPEG processor based optic 
flow sensor [18].
The detection of the obstacles was done by mounting the camera 
to the environment which had white background and blue colored 
destination. Our system used the pixel classification algorithm by 
Panda and Rosenfeld [19], which identified the blue colored point 
as destination and all other colors as obstacles. The environment 
was then divided into grids of size equal to the measurement of the 
mobile robot designed such that the following algorithm, which 
is based on Artificial Neural Network could be applied. Fig. 4 
shows the result of an environment where the pixel classification 
has been done. The blue mark in the figure shows the destination 
while the black marks denote the stationary obstacles present in 
the environment. The green color mark denotes the initial position 
of the robot manipulator.

Fig. 6: Pixel Classification of the Environment 

B. Path Planning Using Algorithm Artificial Neural 
Network
The path planning algorithm proposed by us uses the historical 
data to device out the optimal path between the source and the 
destination in the presence of obstacles. The algorithm used by 
us is the conventional ANN Back Propagation which finds out 
the path from the source to the destination. The robot in this 
algorithm was first trained according to the different situations in 
the environment for a safe movement till it reaches the destination. 
The training of the robot was done by a neural network whose 
structure is defined as follows:

No. of Inputs: 261. 
No. of Hidden Layers: 22. 
No. of Output Layers: 33. 
No. of Neurons in hidden Layers: 20, 154. 
Activation Function for the two layers: tansig, purelin5. 
Range of Inputs: 0 to 16. 
Range of each output 0 to 17. 
Each position is marked as (x,y,d) Where x=x coordinate, 8. 
y=y coordinate
d=direction (0-7)9. 

C. Explanation of the Inputs
The total numbers of inputs in the neural network were 26, denoted 
by I0 to I25. The first two variables I0 and I1 denoted the rotations 
needed for the robot so that it could move in the direction of the 
destination from the direction it was initially located. The rotation 
allowed in the algorithm can only be -2 or +2(180 degrees left or 
180 degrees right), -1(90 degrees left), +1 (90 degrees right). The 
combination of I0 and I1 was devoted as following: 

(I0,I1)=(0,0) represents +2 or -2• 
(I0,I1)=(0,1) represents +1• 
(I0,I1)=(1,1) represents 0• 
(I0,I1)=(1,0) represents -1• 

It should be noted that these are numbered according to gray codes 
so that even if one of the bits is corrupted by noise, the effect on 
the neural network is the minimum.
The other bits (I2 to I25) represent the condition of the map. 
Considering the whole map as a grid of (MXN), we take a small 
portion of it (5X5), with the robot at the center of the map. Each 
coordinate of this map is marked as 1 if the robot can move to 
this point in the next step, or 0 if the point does not exist or the 
robot cannot move to this point because of some obstacle. So we 
have taken a small part of the graph. If (x, y) be the coordinate of 
the robot, we take (x-2, y-2) ……(x+2, y+2) as the input. These 
are 25 points, excluding the center of the graph (where our robot 
stands) are fed into the neural network.

D. Explanation of the Outputs
There are total 3 outputs (O0, O1, O2), each can be either 0 or 1. 
We can make 8 combinations of outputs using these. The meanings 
of these outputs are as under:
(O0, O1, O2) = (0, 0, 0) Rotate left 90 degrees.
(O0, O1, O2) = (0, 0, 1) Rotate left 45 degrees.
(O0, O1, O2) = (0, 1, 0) Move forward.
(O0, O1, O2) = (0, 1, 1) Rotate left 45 degrees and move 
forward.
(O0, O1, O2) = (1, 0, 0) Do not move.
(O0, O1, O2) = (1, 0, 1) Rotate right 90 degrees.
(O0, O1, O2) = (1, 1, 0) Rotate right 45 degrees and move 
forward.
(O0, O1, O2) = (1, 1, 1) Move right 45 degrees.
It should be noted that this sequence is in gray code as well, if we 
arrange it in gray code sequence, the order of the moves will be 
90 degrees left rotate, 45 degree left rotate, 45 degree left rotate 
and move forward, move forward, 45 degrees rotate right and 
move forward, 45 degrees rotate right, 90 degrees rotate right. 
Hence there is a transition in series. This ensures that the effect 
of noise is minimum.
The proposed neural network was tested with 1000 testing data 
and the mean square error was set to 10-2. 

IV. Results
We used a sample grid space on which the robot is to be moved 
of [20 X 20] dimension. The coordinates could vary from (0,0) 
to (19,19). We used total 32 obstacles. We moved the robot from 
position (0, 0) to the goal position (19,19). The threshold time 
was fixed to be 1 seconds. The path traced by the robot is given 
in fig. 5.
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Fig. 6. The Path Traversed by the Robot

V. Limitations of the Path Planning Algorithm
The proposed neural net path planning algorithm does have some of 
the limitations in its working. Thus, we take some steps to confirm 
the smooth working of the algorithm which are as follows:

It may happen that the robot takes a route that goes straight 1. 
and opposite to the direction of the target, thus increasing the 
distance between the robot and the target. When the robot 
moves in this way for five consecutive steps, the robot is then 
made to move only when the move decreases the distance 
between the robot and the target.
In the same way, situations may arise when the robot is not 2. 
allowed to   move since it does not get any feedback from 
the neural network. When this happens for five consecutive 
steps, we allow the robot to take a random move. 
This neural network path planning is highly prone to failure 3. 
if the environment in which the robot has to move is chaotic. 
I n addition, if the environment is in a semi maze condition, 
the algorithm can suffer failure. 

VI. Conclusion and Future Work
The designed pick and place task oriented robot manipulator 
was tested with proposed path planning uses Artificial Neural 
Network which decided the path traversed by the robot to reach 
the destination. We needed to train the network once, which is 
time consuming process. But once done, the network gives a very 
fast response. This algorithm is very suited to collision avoidance 
in path when the obstacles come one by one. The network can be 
easily trained for such conditions. This algorithm will be used on 
a mobile robot made for pick and place task and the effect of the 
different parameters of the robotic end effectors will be studied 
on this algorithm. 
In future, the designed robot manipulator will be optimized using 
Genetic Algorithm and Artificial Neural Network. The parameters 
optimized in this algorithm will be time and torque which will 
be used to move the robot arm from a defined position to a final 
position to place the object. 
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